Fractions of the acetone extract and a mixture of two diterpenes from the marine brown alga Dictyota menstrualis were prepared with the aim of identifying potential effects on the germination of seeds and on elongation of the radicle and hypocotyl of the weeds Mimosa pudica and Senna obtusifolia. The bioassay on seed germination was performed in controlled conditions of 25 o C temperature and a 12 hour photoperiod, while the one concerning radicle and hypocotyl elongation was performed at the same temperature, though adopting a photoperiod of 24 hours. The results varied according to the receptor species, the fraction utilized, and its concentration. TLC analysis of the fractions and comparison with isolated products indicated that the diterpenes pachydictyol A and isopachydictyol A were the most abundant compounds in fraction HE, whereas the diterpene 6-hydroxy-dichotomano-2, 13-diene-16, 17-dial (3) was the most abundant compound in fractions DC and EA. Analysis of less polar fractions (in n-hexane, dichloromethane and ethyl acetate) revealed values of less than 30% inhibition. On the other hand, the ethanol/water fraction was the most active in all instances. The biological activity of these fractions must be due to the presence of known diterpenes and/or sulfated polysaccharides isolated in earlier studies.
In the Amazon region, the occurrence of weeds is regarded as the most serious biological problem faced by the ranchers, and weed control represents one of the highest costs of production. Therefore, the definition of new strategies that enable reduction of infestation in pastures to an acceptable level may guarantee higher productivity in the long term by assuring the longevity of crops. In addition to increasing the economic profit, these strategies may be useful to soften the social and environmental dissatisfaction that this type of activity has awakened nationally and internationally due to the use of aggressive bio defensives [1] [2] [3] . Our group has been studying the natural products of marine brown algae for over 25 years. During this period, many biological activities were recognized for the natural products of benthic algae. In the previous study, we have shown the inhibitory effects of the crude extract from the marine red alga Plocamium brasiliense (Greville) M. A. Howe & W. R. Taylor [4] . The positive results obtained stimulated new tests with other species of seaweed.
The marine brown alga Dictyota menstrualis (Hoyt) Schnetter, Hörning & Weber-Peukert is very common along the Brazilian coast and known as a prolific producer of bioactive diterpenes [5] [6] [7] [8] [9] . The diterpenes are the main components of the hexane, dichloromethane and acetone extracts of these algae. On the other hand, the sulfated polysaccharides (heterofucans) are the major components of the more polar extracts from the Brazilian population [10] .
Fifteen diterpenes are known for D. menstrualis, isolated from five populations in several regions of the world: one from North Carolina (USA) [11, 12] , one from the area around Sydney (Australia) [13] , two from the coast of the State of Rio de Janeiro (Brazil) and two from the São Pedro and São Paulo Archipelago (Brazil) [8, 9] . Besides, studies using diterpenes isolated from D. menstrualis from the Brazilian littoral indicate that the secondary metabolites are used as a defense mechanism against amphipod herbivores [14] .
Indeed, investigation of allelopathy has traditionally been conducted utilizing phytochemicals and metabolites from terrestrial plants [e.g. 15] . Allelopathy is considered to be a phenomenon in which a plant (including microorganisms) directly or indirectly causes either positive or negative effects on the development of other plants by liberating chemical substances in the environment. Nevertheless, a study on allelopathy may well be applied to a seaweed species such as D. menstrualis since it produces various bioactive diterpenes [8] . Allelopathy may represent an excellent alternative strategy for the management of pastures, allowing the control of infestations of undesired plants as weeds and, as a consequence, avoid great losses, especially regarding livestock. Moreover, this phenomenon has ecological importance, notably when it comes to providing alternative sources of chemical structures that can be used to produce agricultural biodefensives [16, 17] .
In the present study, the inhibitory effects of fractions of different polarities, and a mixture of pachydictyol A and isopachydictyol A obtained from the acetone extract of D. menstrualis was evaluated in bioassays concerning germination and development of radicle and hypocotyl using as receptor species the weeds Mimosa pudica L. and Senna obtusifolia (L.) Irwin & Barney.
The inhibitory effects were evaluated of different fractions {n-hexane (HE), dichloromethane (DC), ethyl acetate (EA), and ethanol/water (HA)} of an acetone extract of D. menstrualis. The aim of the first assay was to analyze the effects of these fractions on the germination of seeds (Figure 1a These results revealed that the fractions from D. menstrualis were more active than the crude extract of the red alga P. brasiliense [4] , since the dichloromethane extract of the latter contains active components capable of inhibiting the germination of seeds of M. pudica and S.obtusifolia by merely 25 and 14%, respectively.
The effect of each fraction on radicle elongation is presented in Figure 1b . The results show that the ethanol/water fraction of D. menstrualis (HA) contains active components that inhibit by 75 and 68% the radicle elongation of M. pudica and S. obtusifolia, respectively. Finally, the effect of each fraction on hypocotyl development of the weeds is shown in Figure 1c . Again, the ethanol/water fraction was the most effective (35% for M. pudica and 30% for S. obtusifolia).
In fact, it is important to note that the D. menstrualis fractions tested were more efficient against M. pudica in all experiments.
The inhibition values observed (Figure 1a , b and c) demonstrate that the ethanol/water fraction has a far more intense inhibitory effect on seed germination (88 and 77%) and radicle elongation (75 and 68%) than on hypocotyl elongation (35 and 30%, respectively).
Considering that the results reflect the inhibitory potential of chemical substances according to their polarities, it was possible to verify that the compounds present in HA are strongly active, whereas those in HE, DC and EA presented low inhibition rates. Thus, the results obtained qualify HA as a potential alternative source of chemical substances that might inspire more advanced studies regarding the production of agricultural biodefenses. The chemical composition of D. menstrualis is characterized by cyclic diterpenes known as prenylated guaianes, α, β-unsaturated aldehydes [5] [6] [7] [8] [9] [11] [12] [13] , and sulfated polysaccharides [10] . TLC analysis of the fractions and comparison with isolated products indicated that the diterpenes pachydictyol A (1) and isopachydictyol A (2) were the most abundant compounds in fraction HE. In the fractions DC and EA, the most abundant compound was the diterpene 6-hydroxy-dichotomano-2, 13-diene-16, 17-dial (3).
Management of pastures by
The effects of the unseparated diterpenes pachydictyol A and isopachydictyol A are presented in Figure 2 . The mixture had a satisfactory inhibitory effect in dose-dependent concentrations (5-20 ppm) on the germination of seeds, ranging from 14-48% inhibition of M. pudica and from 6-28% of S. obtusifolia).
The results obtained indicate an effective inhibitory potential for the ethanol/water fraction of the alga. This inhibitory effect must be due to polar diterpenes and/or sulfated polysaccharides [18, 19] . The other fractions (HE, DC and AC), however, presented low inhibitory potential compared with HA. Therefore, we may conclude that the ethanol/water fraction of D. menstrualis can become a promising alternative for the management of pastures.
Experimental
Biological material: Dictyota menstrualis (Dictyotaceae, Phaeophyceae) was collected at Atol das Rocas reef, Rio Grande do Norte State (lat. 03º51'03"S, long. 33º40' 29"W), Brazil, in February 2005. Atol das Rocas reef is a marine biological reserve in the northeast of Brazil, and is the only atoll in the South Atlantic.
The collection was performed with federal authorization for collection, SISBIO/IBAMA number 17532, by scuba diving at a depth of 2-5 m. The algae were triaged in the place of collection and air-dried. They were then placed in thermic boxes to be transported to ALGAMAR laboratory where the identification was performed by one of us (RCV). Voucher specimens were deposited in the Herbarium of Universidade do Estado do Rio de Janeiro (HRJ).The receptor plants used in bioassays were two of the main weeds that occur in areas of cultivated pastures in the Amazon region, known as sensitive plant (Mimosa pudica) and mata-pasto (Senna obtusifolia). Seeds of these 2 plants were collected in the Municipality of Castanhal, Pará State, in the Brazilian Amazon region. The seeds were cleaned and purged in seed conservation chambers. Seed dormancy was overcome as established by earlier studies [2, 3] .
Extraction:
The dried algae were powdered in an industrial blender, yielding 50 g of powder, which was extracted with acetone (100%) at room temperature for 10 days. The acetone extracts were obtained by exhaustive extraction (using a decanting funnel as a container). The solvent was evaporated under reduced pressure, yielding a brownish residue (6 g). This was mixed with 40 g of silica gel. First, the mixture was stirred and filtered through filter paper with 800 mL n-hexane (HE, 92 mg). The second extraction was performed with 800 mL of dichloromethane (CH 2 Cl 2 ), yielding 62 mg of extract (DC). The third extraction was made with 800 mL of ethyl acetate (EtOAc), yielding 130 mg after evaporation of the solvent (EA). Finally, the ethanol/water extract (HA) was prepared using 800 mL of ethyl alcohol/water (7:3). The ethanol was evaporated in a rotary evaporator; this was followed by lyophilization of the residue, yielding 240 mg (HA). All fractions were prepared at a 1% concentration for biological tests. The nhexane fraction (HE) was submitted to silica gel chromatography (n-hexane/EtOAc), eluting with 30% EtOAc in n-hexane to afford 20 mg of unseparated diterpenes pachydictyol A and isopachydictyol A, in relative proportions 3:2. The NMR and IR spectra of the hydroalcoholic extracts presented characteristic signals of sulfated polysaccharides.
Bioassays:
The bioassays on germination were developed in controlled conditions: constant temperature (25ºC) and photoperiod of 12 h. Germination was monitored for 15 days, involving daily counting and elimination of germinated seeds, considered as those presenting radicle extension equal to or superior to 2 mm [2] [3] . Each transparent Petri dish measured 9.0 cm in diameter and received 20 seeds. Regarding radicle and hypocotyl elongation, bioassays were performed under controlled conditions of constant temperature (25 o C) and a photoperiod of 24 h in a germination chamber with cool white fluorescent lamps and a luminous flux of 10 µmol.m -2 .s -1 . Six pre-germinated seeds were placed in a transparent Petri dish for approximately 2-3 days. At the end of 10 days of growth, extension of the radicle and hypocotyl were measured. Each Petri dish was covered with a qualitative filter paper and received 3.0 mL of fraction, diterpene or an equal volume of distilled water (control). In the evaluation of fractions, a concentration was used of 1%, w/v, of each fraction and the volume of water replaced was 3.0 mL. In the evaluation of diterpenes, 4 concentrations were used, 5, 10, 15 and 20 ppm. Only after the beginning of each bioassay was either the fraction or diterpenes added. From this moment on, only distilled water was added when necessary.
Statistical analysis:
The experimental design for all bioassays was entirely randomized and 3 repetitions were performed. The data were submitted to analysis of variance by the F test and the averages were compared by Tukey test (P < 5%). All the analyses were performed in SAS program [20] .
